The Assistance Publique-Hô pitaux de Paris (AP-HP) institution administers 38 teaching hospitals (23 acute care and 15 rehabilitation and longterm care hospitals; total, 23 000 beds) scattered across Paris and surrounding suburbs in France. In the late 1980s, the proportion of methicillin resistance among clinical strains of Staphylococcus aureus (MRSA) reached approximately 40% at AP-HP.
T HE RATES OF METHICILLIN-
resistant Staphylococcus aureus (MRSA) have reached high levels during recent decades in many countries all over the world, although some have succeeded in containing the spread of this multidrug-resistant organism. [1] [2] [3] Controlling MRSA is a challenge for medical institutions in countries with a high MRSA burden. Because MRSA spread in hospitals is driven by multiple factors such as cross-transmission, invasive procedures, and intensive antibiotic use, all guidelines for MRSA control include bundled measures such as identification and isolationofMRSAcarriers,handhygiene,and antibiotic policy. 2, [4] [5] [6] [7] In France, the proportion of MRSA in clinical strains of S aureus increased continuously during the 1980s and reached approximately 35% including in blood cultures. [8] [9] [10] [11] [12] [13] [14] Such rates became unacceptable after comparative European data were published. 15 In response, a long-term program for controlling MRSA was launched in 1993 in the 38 hospitals of the Assistance Publique-Hô pitaux de Paris (AP-HP), the largest public medical institution in France. We present herein the results of an observational incidence study that assessed the positive impact of this large-scale initiative on MRSA rates over a period of 15 years (1993-2007) , showing that high endemic rates can be markedly reduced by an intensive longlasting program.
METHODS

SETTING
The AP-HP is a public institution that administers 38 teaching hospitals (23 (n=23) in France. The AP-HP comprises 23 000 beds (14 300 in ACHs and 8700 in RLTCHs), representing 36% of all the hospital beds in the Paris area ("Île de France"; 11.6 million inhabitants) and 5% of all the beds in France, and admits approximately 1 millionpatientsperyearandemploys19 000physicians,18 500nurses, and 29 800 assistant nurses. AP-HP hospitals are managed locally by administrators and medical committees, but decisions on large investments and medical developments are made by the central administration. A local team is in charge of prevention and surveillance of nosocomial infections in each hospital, but actions of foremost importance for the whole institution, such as campaigns for hygiene, are coordinated centrally.
MRSA CONTROL PROGRAM
A program aimed at controlling MRSA was launched in 1993, based on the following objectives:
Isolation Interventions: (1) Placement of patients with MRSA infections or colonizations in single-bed rooms whenever possible and (2) barrier precautions for patients with MRSA infections or colonizations such as disposable gloves worn before and discarded after patient contact, disposable aprons worn for extensive contacts (eg, bed making), and small equipment (eg, stethoscope) dedicated to the patient.
Promotion of Hand Hygiene: (1) Hand washing with disinfectant soap after contact with patients with MRSA infections or colonizations before leaving the room and (2) an institutional campaign for promoting the use of alcohol-based hand-rub (ABHR) solutions in place of hand washing, launched in 2001 to reinforce the program, which provided pedagogical material to the infection control teams (slide shows, 200 000 brochures, and 14 000 posters) and material on training these teams and sent formal letters by the general director asking all administrators, heads of departments, and chief nurses to support the campaign.
Identification of Patients With MRSA Infections or Colonizations: (1) Passive surveillance through routine clinical specimens; (2) active surveillance (screening) by culturing nares swabs when there is a high risk of MRSA colonization, eg, intensive care unit (ICU) patients and contact patients (ie, those hospitalized in the same unit and at the time as patients with MRSA infections); (3) notification of new patients with MRSA infections or colonizations by laboratories to medical teams using quick reporting systems (eg, telephone call) and flags on laboratory reports ("watch MRSA"); (4) identification of patients with MRSA infections using a specific self-sticking label on the door to the patient's room and medical charts; and (5) informing units to which patients with MRSA are transferred.
Feedback: Obtaining feedback to the hospital community on the results (MRSA rates and progress in program implementation) at the local level.
STIMULATION OF EFFORTS BY THE INSTITUTION
Since 1998, our institution has further stimulated the efforts by asking each hospital to report annually to the central administration the following selected information on the program, as part of a wider process to promote the quality at AP-HP: (1) size of the infection control team, (2) implementation of the program, (3) organization of audits (eg, on hand hygiene), and (4) feedback. The progress of the initiative has been annually presented during meetings of infection control teams and bacteriologists from all AP-HP hospitals, yielding opportunities to discuss the results, and disseminated within each hospital and central administration. All nonduplicate strains of S aureus isolated from clinical specimens in patients hospitalized for at least 24 hours during the survey period were included. Susceptibility tests were performed using national guidelines. 16 Duplicate strains, defined as strains with the same antibiotic susceptibility pattern as a strain already counted for the same patient, were excluded. 17, 18 An MRSA case was defined as a patient with at least 1 clinical specimen positive for MRSA during the survey period. Strains of MRSA recovered from nares swabs (screening) were not included in the calculation of MRSA rates.
MRSA SURVEY
For each strain of S aureus included, the following data were recorded: date of sampling, type of ward, type of specimen, and antibiotic susceptibility pattern. From 1996 onwards, the number of patient-days and admissions was recorded for the calculation of MRSA incidence rates.
The data were computerized annually in each laboratory using Epi-info 6.04 (Centers for Disease Control and Prevention, Atlanta, Georgia) and then centralized and merged in a MySQL database (Sun Microsystems Inc, Santa Clara, California) using Perl software. The results were given as proportion (expressed as percentage) of MRSA among clinical isolates of S aureus and MRSA incidence rates per 1000 hospital days (HDs) and, for ACHs, per 100 admissions. Relative changes in MRSA rates were calculated as percentage over all the study period and per year. The susceptibility of MRSA strains to non-␤-lactam antibiotics was also assessed.
ABHR SOLUTION USE
Following the launch in 2001 of the ABHR campaign, the annual ABHR solution use was recorded in liters per 1000 HDs using the data provided by the central pharmacy.
STATISTICAL ANALYSIS
The 2 test for trend was used to analyze changes over time in the percentage of MRSA cases among clinical isolates of S aureus and of susceptibility to non-␤-lactam antibiotics among MRSA strains, with R software (http://www.r-project.org). Poisson regression analysis was used to analyze changes over time in MRSA incidence rates, with SAS 8.02 software (SAS, Cary, North Carolina). Poisson confidence intervals were compared to analyze changes in MRSA incidence rates between the first and the last years of the survey using StatsDirect software (http: //www.statsdirect.com). PϽ.05 was considered significant for all tests. (Figure 3) . The decline was significant and similar for 3 strata of ACHs (400-500, 800-1000, and Ͼ1000 beds). The decrease was also sharp in the strains isolated from blood cultures (from 45.3% to 24.2%; PϽ .001) and from pus and serous fluids (from 40.4% to 18.0%; P Ͻ .001).
RESULTS
IMPLEMENTATION OF THE MRSA CONTROL PROGRAM IN AP-HP HOSPITALS
USE OF ABHR SOLUTION
PROPORTION OF MRSA AMONG THE CLINICAL STRAINS OF S AUREUS
In RLTCHs, the proportion of MRSA among S aureus strains remained high throughout the survey, ranging between 54% and 73%. As a result, the global decrease at AP-HP as a whole was less marked than in ACHs (from 41.0% in 1993 to 26.6% in 2007; relative change, −35%; PϽ.001).
INCIDENCE OF MRSA CASES
The incidence of MRSA cases decreased from 1.16 per 1000 HDs in 1996 to 0.57 in 2007 (relative change, −51%; P Ͻ .001) (Figure 2 and Figure 4) . The decrease was sharper in ICUs (from 2.95 to 1.23 per 1000 HDs; relative change, −58%; P =.001) and in surgical wards (from 1.52 to 0.72 per 1000 HDs; −52%; P=.001) than in medical wards (from 0.70 to 0.48 per 1000 HDs; relative change, −31%; P=.04). When expressed per 100 admissions, the incidence of MRSA decreased in ACHs from 0.90 in 1996 to 0.44 in 2007 (P =.001).
In RLTCHs ( Figure 4 ) the incidence rate initially increased from 0.49 to 0.94 per 1000 HDs between 1996 and 2001 (P=.001) and began to decrease only after 2001, down to 0.54 in 2007 (P=.001), ie, returning to the level observed in 1996. As a result, the global decrease in MRSA incidence in AP-HP as a whole was less marked than in ACHs, from 0.86 to 0.56 per 1000 HDs (relative change, −35%; P =.001). 
TREND IN MRSA RATES BEFORE AND AFTER LAUNCHING THE ABHR CAMPAIGN
When introducing 2 periods (period 1, up to the ABHR campaign launch; period 2, after the campaign launch) in a multivariate model, the period was a significant variable of the decrease in MRSA incidence, but not the year, and interaction between the study period and year was established, justifying a separate analysis for each period. In ACHs, the MRSA rate decreased less sharply in period 1 (relative change, −2% per year) than in period 2 (relative change, −4.7% per year). The contrast was particularly apparent in medicine, where the percentage increased in period 1 (relative change, ϩ2.3% per year) but decreased in period 2 (relative change, −6.2% per year). In surgery, the relative decrease was −1.8% per year in period 1 and −4.7% per year in period 2, but remained steady over both periods in ICUs.
SUSCEPTIBILITY PATTERN IN MRSA
Between 1993 and 2007, the susceptibility rates among MRSA strains significantly increased (PϽ.001) for gentamicin (from 12% to 95%), erythromycin (from 8% to 63%), and rifampicin (from 27% to 92%). In contrast, the susceptibility rates remained unchanged for fluoroquinolones (Յ10%) and fusidic acid (Ͼ85%). 15 These results triggered the decision to take prompt action in our institution. Our MRSA control program was similar to, and largely based on, the guidelines published by national agencies that were available at that time 2, 4, 19 and to which few changes have been made since. [5] [6] [7] The program focused on a bundle of measures aimed at decreasing cross-transmission including single room placement, promotion of hand hygiene, active surveillance in high-risk patients, quick notification of cases, and feedback. Decolonization by mupirocin was not recommended due to the risk of resistance 20 and was used scarcely. We did not close units where MRSA rates were particularly prevalent. Controlling antibiotic use was not attempted at the institution level during the study, and the overall use of antibiotics at AP-HP remained stable at approximately 450 defined daily doses per 1000 HDs. 21 The MRSA control program was progressively implemented at AP-HP, more readily and completely in ACHs than in RLTCHs. The campaign launched halfway through the study to promote the use of ABHR solutions, whereas classic hand washing was advocated in the first phase of the study, led to a dramatic increase in ABHR solution use, sharper in ACHs than in RLTCHs.
The main result of the present study was the clear decrease in MRSA burden (−35%) between 1993 and 2007, whether expressed as a proportion of MRSA among clinical isolates of S aureus or the incidence of MRSA. The decline was steady and sharp in ICUs (−59%), where control measures have been readily implemented, and to a lesser extent in surgical wards (−44%) that are strongly connected with ICUs (many ICU patients are admitted for postsurgical complications and return to surgical wards when improving). In medical wards, where patients with MRSA infections or colonizations were scattered over a large number of units, likely hindering measure application, the decrease was less marked (−32%) and was delayed until the launch of the ABHR campaign in 2001. During the early years of the study, there was a trend to sharper decline in a subset of ACHs that led the initiative and generally applied more readily the program (results not shown). In RLTCHs, the decrease was delayed until 2001 and only counterbalanced the increase that initially occurred in 1993 to 2001, likely due to the difficulty to implement complex bundle measures and to hidden MRSA reservoirs in such setting. The decrease of MRSA in blood cultures (−47%) or pus and serous fluids (−55%) added clinical relevance to the results, based on all clinical specimens and not targeting specific infections. The change in MRSA resistance patterns (increased susceptibility to gentamicin), already reported in France, 9, 22 was related to the rapid spread of new hospital clones with higher fitness that derived from older gentamicin-resistant clones, 23, 24 whereas clones producing the Panton-Valentine leukocidin ("community-acquired MRSA"), first identified in the early 2000s in French hospitals, 25 represented less than 2% of our MRSA cases during the survey. 26 Thus, virtually all our MRSA cases were hospital acquired, either locally or imported from other hospitals through previous stays or transfers, often within AP-HP, and were all recorded to assess the global MRSA burden in our institution. Vancomycin intermediate-resistant S aureus strains remained scarce as reported. 27 The major limitation of our study is its observational design and lack of a control group. Indeed, the aim was to curb as quickly as possible the high MRSA rates prevailing in the early 1990s, and the study was conducted as a pragmatic intervention program in our whole institution. Consequently, we should be cautious in concluding that the statistically significant association between the MRSA decline and our control program implies a causal association. However, several facts support such an association. First, previous reports from French hospitals, including those of AP-HP, showed that the proportion of MRSA among S aureus strains increased steadily from approximately 15% in the 1970s to approximately 35% in the early 1990s, [8] [9] [10] [11] [12] [13] [14] 22 indicating that MRSA burden was not declining when our program was initiated. In fact, our program was launched in reaction to increasing MRSA rates. These reports actually provide "preintervention" measurements, which allow the present study to be considered as a "pre-post intervention" study. 28, 29 Unfortunately, the number of points of measurements (1 per year) was too low to allow a time series analysis. 30 Second, the survey was carried out at the same time each year, avoiding seasonal differences, and used continuously the same definitions. The structure and recruitment of AP-HP hospitals did not change much either. Third, the efforts made to detect MRSA did not decline over time, since (1) volumes of clinical specimens did not decrease, allowing an overall inclusion of approximately 32 000 strains of S aureus, and (2) national guidelines published in 2000 introduced new sensitive tests to detect oxacillin resistance. rates observed in the present study that involved 38 hospitals covering a large geographical area. 28, 29, 31 Interestingly, the decrease in MRSA burden at AP-HP during period 1 of the study (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) contrasts with a marked increase in MRSA rates that occurred between 1996 and 2000 in 23 hospitals scattered over the same part of France, 32 but where MRSA control programs were introduced only in the early 2000s. 33 Furthermore, the decrease measured during our period 2 (2001-2007 ) is consistent with the results of the European Antimicrobial Resistance Surveillance System (EARSS), which showed a decrease in MRSA prevalence in blood cultures between 2001 and 2006 in a set of hospitals scattered over France, 3 after the introduction of the national MRSA control program. 33 In contrast, EARSS data showed that MRSA rates were still on the increase during the years 2001 to 2006 in several countries with high MRSA burden, whereas they started to decline lately in several countries such as in the United Kingdom and Belgium. 3 Effective control of MRSA in epidemic settings has been extensively demonstrated, 2, 5, 7, 19, 31, [34] [35] [36] [37] but the feasibility of controlling endemic situations with high MRSA rates has been questioned. [35] [36] [37] Our study demonstrates that this objective can be reached at the scale of a large medical institution. Partial control of MRSA was achieved in Belgian hospitals in the mid-1990s 38 but was not maintained over time. 3 Incidence of MRSA central line-associated bacteremia decreased in US ICUs between 1997 and 2007, likely due to bacteremia prevention, whereas the proportion of MRSA in S aureus strains actually increased. 39 Modeling studies showed that only bundled measures confer efficacy in controlling MRSA, 40 and all recommendations include such measures. [5] [6] [7] 34, 36, 37 The efficacy of single measures is difficult to evaluate separately, 7, 31, [34] [35] [36] 41 particularly in our study owing to its design. However, it is noteworthy that MRSA rates declined first in ICUs where active surveillance (screening) has been already shown to improve patient contact isolation at AP-HP. [42] [43] [44] Screening is widely recommended 7,34-37 and allows early contact isolation and reduction in MRSA bacteremia in ICUs. 45 We did not include screening results in MRSA rates because the variability in number of beds targeted would have introduce bias. 46 Importantly, MRSA rates began to decline in medical wards and RLTCHs only during period 2 of the study, ie, after launching our ABHR campaign. Extensive use of ABHR solutions is known to increase hand hygiene compliance and MRSA control 35, 47, 48 and ABHR use is now used as a crude marker of hand hygiene in France. 49 Audits on hand hygiene organized at the local level likely played a role to improve compliance but were not recorded at central level owing to variability in methodology. At present, ABHR solutions are part of international actions in health care settings. 50 Other measures likely played a role such as signaling procedures that helped to better identify patients with MRSA infections or colonizations 19 and feedback that stimulated the efforts. 36, 51 Finally, a sustained leadership involved intensivists, bacteriologists, and infection control practitioners who championed the initiative, and a strong commitment of AP-HP administration provided an efficient incentive.
Although the decline in MRSA burden at AP-HP is very encouraging and led to generalize our initiative at the national level, 33, 49 the rates remained high in 2007 compared with those in northern Europe. Patients with MRSA infections or colonizations discharged from AP-HP still represent a source of secondary cases in household contacts. 52 We should therefore maintain our efforts, particularly through antibiotic policy that is at present part of French national programs. 49 Specific actions targeting serious infections such as catheter-related bacteremia would also contribute to hasten MRSA control. 
